Quantitative immunocytochemistry of tyrosine hydroxylase in rat brain. II. Variations in the amount of tyrosine hydroxylase among individual neurons of the locus coeruleus in relationship to neuronal morphology and topography.
We sought to determine by a computer assisted quantitative immunocytochemical method using the peroxidase-antiperoxidase (PAP) technique if individual neurons of the nucleus locus coeruleus (LC) varied with respect to the amount of tyrosine hydroxylase (TH) within each cell and, if so, whether the amount of TH is related to morphometric characteristics and/or location of the neuron within the LC. Appropriate immunohistochemical reaction conditions were used so that the intensity of DAB reaction product formed in the PAP reaction was directly and linearly related to the amount of TH enzyme protein present in the tissue. The distribution of the average optical density of 1425 individual LC neurons obtained from 5 animals and standardized to an overall mean density varies unimodally over a 3-fold range. The relationship between staining intensity and morphological and topographic characteristics of individual neurons was examined. There was no correlation between staining intensity and morphological features of individual neurons, including cytoplasmic area. However, differences in the amount of TH in individual neurons correlated significantly (P less than 0.01) with the location of the cell in LC: the lightest staining neurons were located in the central core of the LC. The density of staining did not differ significantly in the other 4 traditionally defined regions of LC (the anterior, posterior, and ventral poles of the LC and the nucleus subcoeruleus) which form a rim around the central core. Similarly, cells which are closest to the center of mass of the LC showed a lighter staining intensity than cells located progressively further from the center. These lighter staining cells in the center were also packed more closely together (P less than 0.01). Therefore dense packing of neurons correlates with light staining intensity (P less than 0.01). We conclude that neurons of the LC vary with respect to the amount of TH, which in turn relates to the location of the cell in the LC and possibly its packing density, but not its morphometric characteristics. Since in noradrenergic neurons, the amount of TH is directly influenced by firing rate, the results suggest that the biochemical heterogeneity of LC neurons reflects differences in their functional activities. In turn, this may relate to heterogeneity of LC with respect to projection fields.